In order to develop effective future interventions to promote an earlier diagnosis of T1D, it is important to evaluate the effectiveness of previous publicity interventions. Previous literature suggests that interventions should be designed and developed that target both parents and primary healthcare professionals to raise awareness of T1D.
This systematic review therefore aimed to assess the effectiveness of population and primary healthcare professional awareness campaigns to raise awareness of early symptoms of T1D in children, to promote an earlier diagnosis and reduce morbidity and mortality in children with newly diagnosed T1D.
| METHODS
This systematic review was performed following the development of a protocol, registered with PROSPERO (registration number CRD42017062250) and in accordance with the PRISMA (preferred reporting items for systematic reviews and meta-analysis) guidance.
| Literature search
We searched a range of databases (Table 1) and undertook a comprehensive grey literature search for any studies reporting an intervention which could raise the awareness of symptoms of T1D to promote an earlier diagnosis.
The search strategy used a combination of medical subject headings and free text for articles published in English language from inception to March 2017.
In addition to the electronic databases, we searched electronic table of contents of key journals (Pediatric Diabetes, Diabetic Medicine, and Diabetes Care) and websites recommended by 2 review authors (J.W.G. and J.T.) who are experienced in the field of childhood 
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FIGURE 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analysis) 2009 flow diagram diabetes. Furthermore, a generic "Google" search was carried out to ensure we had captured all relevant information.
Also, reference lists were reviewed, authors contacted for additional data where necessary. Complete details of dates and all search terms are reported in Appendix S1, Supporting Information.
| Study selection
The search identified 1537 records. R.D. and J.T. then independently screened the titles and abstracts, followed by full text papers. Any disagreements were resolved through discussion and after removing duplicates and those that did not meet the inclusion criteria, 7 remained for analysis (PRISMA flow chart in Figure 1 ). Reasons for study exclusion are highlighted in Table 2 ; 2 were excluded as the topic was not relevant to the review upon reading full text, 6 because there was no formal analysis or research, 3 due to the English language only restriction, one as the research focused on children who already had diabetes as opposed to diagnosis of diabetes and one as the research did not focus on the effect of a publicity campaign.
| Study eligibility
Any intervention with the purpose of raising awareness of symptoms of undiagnosed diabetes was considered relevant, for example, a healthcare intervention, poster, or media campaign. Studies focusing on an intervention for children who were already diagnosed with diabetes did not fit the inclusion criteria. For the purposes of this review, we defined children and young people as anyone aged under 21 years and limited the search to T1D. Only English language articles were included. From our understanding prior to undertaking this systematic review, there are limited data on this topic so all types of studies were included to ensure that all relevant data were found. No restrictions were applied to the date of the study.
| Primary and secondary outcomes
The primary outcome was defined as the rate of DKA in areas where an intervention was delivered compared to no intervention.
Secondary outcomes were the length of time to diagnosis and knowledge of the campaign (for healthcare professionals capillary blood testing and for the public greater symptom awareness). 3 | RESULTS 11 Vanelli et al, 12 and Lansdown et al 6 included data from a control area. All articles were published on or after 1999 and the duration of the interventions ranged from 1 to 8 years. We found articles from a variety of different countries: United Kingdom, Italy, Turkey, Saudi Arabia, Australia, and Austria.
| Critical appraisal
| Study characteristics
One study developed a new intervention in the form of a reusable shopping bag, 13 but all other studies used posters as the main intervention. 6, 11, 12, [14] [15] [16] Three studies provided glucose and ketone testing equipment to doctors as part of the intervention 11-13 and 3 studies included a media coverage element to raise awareness, for example, press coverage and television broadcasts.
6,14,15
| Results of studies
During the critical appraisal of the studies, the methodological weakness of their study design was identified, namely that all studies were observational. However, the 2 studies with a more rigorous design, observational case control, did report a reduction in the rate of DKA following the delivery of their interventions. 25 Topic not relevant and no analysis.
Gallivan and Warren-Boulton (2009) 26 Topic not relevant and no analysis.
Gesteland (1989) 27 Research focused on children already diagnosed with diabetes, as opposed to diagnosis of diabetes.
Hatun (2015) 28
No analysis or research undertaken.
Kaufman (2008) 29
Khoshniat et al (2007) 30
Full text available in Persian therefore excluded due to English language only restriction.
Nagl et al (2016) 31 Research does not focus on a publicity campaign.
Rami et al (2012)
32
Full text available in German therefore excluded due to English language only restriction.
Waddingham (2011) 33
No research or analysis of an intervention. carried out an observational cohort to evaluate the effect of an awareness campaign involving posters, leaflets, educational activities, primary healthcare professionals, and school nurses being reminded of a same day referral system for children with newly diagnosed diabetes and parents and teachers being reminded of the hazards of alternative therapies (popular in this culture) to insulin.
These measures were found to be successful with DKA rates dropping from 48% in 2010 to 39% following the campaign in 2014.
There was noted to be a statistically significant decrease in the frequency of DKA during the campaign period from 47.2% to 41%, P < .01. Ucar et al 16 by means of an observational cohort, also analysed the effect of an awareness programme on DKA frequency.
The intervention involved displaying a poster in approximately 60 000 schools and providing information on websites. The results of this study showed a statistically significant drop in DKA incidence post-intervention from 49.3% to 23.9%, P < .0001.
There were only 2 observational case-control studies in this systematic review and both reported a drop in DKA incidence following their interventions. 11, 12 Vanelli et al 12 reported an impressive drop in DKA incidence from 78% to 12.5% post-intervention. In fact, during this 8-year study, only 3 cases of DKA were reported in the intervention region, with no cases of DKA reported after 1992 following the intervention which started in 1991. King et al 11 carried out a similar study, which concluded that the rate of DKA at diagnosis decreased by 64% following the intervention; baseline incidence of 37.5% DKA reduced to 13.8% following the intervention, P < .03, χ 2 = 4.74.
On the contrary, 2 studies found no statistically significant difference in DKA rates after an awareness programme. 
| Secondary outcome measures
There were limited data on the effects of interventions on our previ- 
| DISCUSSION
This systematic review identified 6 observational studies, of which 4 were cohort and 2 were case-control studies. In addition, one feasibility/qualitative study was included. Four of the 6 observational studies reported a drop in the rate of children presenting in DKA at onset of T1D following the initiation of an intervention to raise awareness of the symptoms of T1D. There were no studies identified where an intervention had been completely evaluated using a randomized controlled trial. Due to the methodological issues that observational studies pose, it is therefore not possible to draw definitive conclusions over the effectiveness of the interventions delivered to reduce the rate of DKA at diagnosis. However, all of the studies included in this systematic review demonstrate that it is both feasible and acceptable to deliver largescale population and primary healthcare interventions to raise awareness of the symptoms of T1D, to ensure a timely diagnosis. The 2 case-control studies offer the most reliable evidence and suggest that a campaign targeting both primary healthcare professionals and parents, through schools, could be effective. The first and earliest study to describe an intervention to raise awareness of the symptoms came from Parma, Italy. 12 This intervention concentrated on raising awareness through schools (teachers, parents, and children) and paediatrician's offices using posters, cards, blood glucose testing equipment and a direct toll-free telephone number to the hospital diabetes clinic. The use of a toll-free telephone system was a unique component to the intervention, not adopted by subsequent campaigns, and may have allowed parents or paediatricians the freedom to call for advice, without feeling that they were "wasting" the In contrast, in a national study carried out in Wales, there was no effect on the rate of DKA, following a 12-month publicity campaign, supported by diabetes UK (Cymru), where posters, based on those in the Parma study, were sent to every pharmacy, school, and primary healthcare practice. 6 This study also demonstrated the variability in annual national rates of DKA (ranging from 33% in 1993 to 22% in 18 "Defeat DKA and save lives" 19 and "You are never too young to have diabetes" 20 campaigns, involving posters and information via web pages. However, the rate of DKA at diagnosis over the past 20 years has remained constant at 25% in the United Kingdom which suggests that an effective campaign is still warranted.
To the best of our knowledge, no previous systematic review has evaluated the effects of publicity interventions to increase awareness amongst healthcare professionals and the public to promote earlier diagnosis of T1D in children and young people. The strengths of this study are that it was rigorously conducted and performed following a protocol published prior to commencing the data extraction. A limitation of this study was that many of the papers identified, reported studies of poor quality or which were poorly described, thus limiting interpretation. In addition, we were only able to evaluate studies in English, though we do not believe this excluded any relevant studies.
In conclusion, there have been numerous attempts across the world to develop and evaluate interventions designed to raise awareness of T1D, to reduce the number of children presenting in DKA at onset. Most of these interventions have focussed on raising awareness with primary healthcare professionals and parents through schools, using posters, leaflets, and media campaigns. Results suggest that it is possible to reduce the rate of DKA through publicity campaigns and the interventions within studies reporting the greatest success included common components, namely provision of capillary blood testing meters, diabetes educators, as well as posters and leaflets. Further research should be conducted to build on these findings using a randomized study design.
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